This paper reports on the introduction of a set of 'Augmented Reality' (AR) tasks, offering an innovative, real world and problem based set of activities for a group of first year University Gaming and Computer Science students. Our initial research identifies a gap in the perceptions of STEM students between the usefulness of discipline based modules and a compulsory 'Professional Development' module where more 'employability' based skills were delivered. It had a history of poor student engagement and attendance, and failed to provide a compelling narrative/links to the outside world. The AR tasks were designed to facilitate group-working and multi-channel communication, and to engage students through the use of a more creative technology. Framed as a rich case study, insights are captured through student blogs, video interviews and a questionnaire. Initial findings indicate higher levels of satisfaction and an appreciation of groupwork tasks, enhanced student engagement and a greater awareness of the value of transferable skills.
Introduction
This paper reports on the introduction of a set of creative 'Augmented Reality' (AR) tasks, offering innovative, real world and problem based activities for first year University Gaming and Computer Science students. Our initial research identifies a gap in the perceptions of STEM students between the usefulness of discipline based modules and a compulsory 'Professional Development' module where more 'employability' skills are embedded. It had a history of poor student engagement/attendance, and failed to provide a compelling narrative.
The extensive review of the literature of augmented reality (AR) by Carmigniani and Furht [1] provides a taxonomy of systems and applications, including education. In common with most analysis of AR they focus on how systems deliver content and an interactive, context aware, experience for the user. Since the introduction of AR (1990s) [2] augmented reality systems have been used in many areas of education, including higher education [3] and STEM subjects such as maths [4] and physics [5] Yuen et al [6] suggested five directions for AR in education -books, gaming, discovery based learning, object modeling and skills training. Each area benefits from the context sensitive delivery of interactive material that can enhance an essentially 'real world', authentic experience. In their overview they noted: "... most current educators will find that, while it is possible for them, as individuals, to create AR content using the tools mentioned earlier in this paper, truly user-friendly AR creation tools may still be just over the horizon."
While this is probably still true for the more sophisticated AR experiences, there is a significant subset of simple AR application creation tools that allow those with limited technical ability to become AR creators. These newer, user friendly technologies [7] have combined with the rise of smartphone usage [8] to enable the majority of students to access educational AR applications via their own device. Our study is located within the user-generated content of SMART devices, in that our students are creating their own artifacts using the Aurasma AR 'App'.
Theoretical context for AR
The theoretical basis for AR in education can be seen as an extension to the Cognitive Theory of Multimedia Learning that suggests images/other media give more impact to the learning experience. However, in this study we focus on the use of AR as a creative tool. We aim to harness the process of creating AR to provide a context for a range of higher education skills within a Collaborative Learning (CL) framework. A systematic review of the literature in computer supported CL by Shawkey et. al. [9] shows AR as one of several computer systems that can be used to facilitate CL and this view is confirmed by Lin et. al. [10] .
Collaborative Learning is based on the idea that students learn as much, or more, from each other than they do from an instructor -this is particularly relevant to higher education where it is expected that the majority of the work is done by the student outside of the lecture theatre. Vygotsky's theories of learning as a social, constructivist process [11] , where individuals establish a shared view of a problem and how to solve it, underpins CL and offered useful insights into the design of the revised set of student tasks [12] [13] . By utilising their own mobile devices learning can take place at a time and virtual / physical location of the students choosing and offers the advantages of more personalised learning across multiple platform, both personal and institutional [14] .
The Case Study Approach
Drawing upon [15] Stake (1983) we see this case study as a rich case in its own right: comparing and contrasting the data from the student feedback offers a rich and deep analysis. Case studies offer insights into both what is common and particular about a case, and a uniqueness that Stouffer [16] refers to as pervasive, extending to factors such as the nature of the case, historic setting, physical context, cases through which this case is recognised and those informants through whom the case can be known. Thus for a complex and nuanced case, looking at our students through this lens offers the advantages of multiple data collection tools, institutional documents; field notes from the researchers during the process of the intervention; student blogs and video focus groups analysis. These all offer insights into the student's sense of meaning and learning construction both during and after the event as they reflect upon their experiences [17] .
Research Method
12 sets of 'small focus group' interviews were conducted in class using a set format to ensure uniformity. By their participation students received an authentic research experience which they can use to base similar techniques to get user feedback from their own projects later in the course. All participants took part voluntarily and were aware that participation/ non-participation would not have any impact on their marks. The researcher was introduced as a member of staff from the Education department, interested in teamwork and technology projects.
The focus groups were filmed and permission gained for edited clips to be embedded within our own project website and for dissemination purposes. For data transcription purposes, each student had a 'number' placed in front of him/her, to enable accurate analysis. The course tutor led on the filming, and coached different members of the class in how to film as the focus groups took place, thus assisting students to develop another skill to add to their PDP. Some students were appreciative of the opportunity to undertake this type of activity, seeing it as part of their broader skillset development; others were unable to identify the benefits of adding to a skill set so early in their academic career.
The Augmented Reality 'mini' project

Soft Skills for STEM Students
It is particularly difficult to get technically motivated students from STEM disciplines to consider the softer skills, even when they are aware that these are desired by employers and are likely to be the differentiating factor in recruitment between equally technical applicants. Within the perceived context of a lack of STEM graduates, there is a significant problem that too many lack the soft skills to enable them to be ready for work [18] . Other studies have shown that there is a gap between what companies want in terms of skills, and what is provided by higher education institutions; with communication skills, team working and independent problem solving being identified [19] [20] .
The Personal Development Planning (PDP) is a common element in most UK Higher Education as Universities are required to provide a transcript to record their learning and achievement and a process by which they can monitor, build and reflect on their development [21] [22] . Key aspects of this are for students to become more independent, adopt a pro-active approach to their study, extra-curricular pursuits and career planning. In addition to these principles the PDP for first year students in Computer Science and Computer Gaming Technology degrees includes an introduction (or reminder) of basic academic skills. This has traditionally been delivered through a series of one hour tutor led classes/lectures on End of year Course Reviews identified issues of poor engagement with the module, seen in low pass rates and tutors comments on lack of attendance. Despite the tensions of delivering a STEM curriculum with a high discipline based content, students clearly needed the 'softer skills' developed through this module. Thus a redesign was needed, and a more creative approach considered [23] .
The re-design: using a student centred approach
Our work follows the ALT recommendations [24] about engaging students as active participants, increasing fun in teaching for improved engagement with materials studied. This was enhanced where students chose to stretch the criteria of the task
The use of the institutional VLE is a requisite for all academic staff, however, within our institutions, typically this is used to host documents and presentations created by lecturers for access by students. Our redesign included a requirement for student groups to create content and add this to the VLE, thus sharing materials with both peers and tutors. We selected the blog tool to support this function, and it was noticeable that several groups decided to take the blog idea, but to create and host 'their' group blog on one of the many free external tools, such as pbwiki, blogger or wordpress. Students comfort in carving out a shared and personal learning space for their teams to operate within shows how far students have moved from the tensions outlined by Wheeler [25] .
The 'expected' more traditional materials were available, but very much used to facilitate a flipped classroom [26] approach, and drawn upon during the interactive seminars, where students came along with questions they had prepared about the actual assessment and process.
Why AR?
Media interest in AR and application framework development had a surge of activity in 2012, but to some extent AR is regarded as a solution in search of a problem [27] . However, although wider commercial applications remain elusive it has been seen as a promising area for education [28] .
Our students were aware of AR but had little experience apart from a few who had played AR games. At all times care was taken that if a student did not wish to engage with the AR mini project they would still be able to complete their PDP tasks and would not be disadvantaged.
AR systems such as Aursama [29] are ultimately financed by revenue generated from advertising or commercial applications. However, to boost user numbers they encourage individual creation of AR artefacts through free user accounts. An advantage of Aurasma is that it allows the complete AR creation process to be carried out on a mobile device with the freely available app (iOS and Android). The Aruasma app runs on a mobile device and uses the camera viewfinder to recognise a trigger image. Once trigged an 'Aura' (i.e. the pre-recorded media) can be viewed on the screen of mobile device. We utilised a 'Bring Your Own Device' (BYOD) model, which included all students even if they did not own a SMART device.
Project Design and Tasks
Previous studies [30] showed the value of using an interesting and inherently engaging technology (in that case a Virtual World) to facilitate group work and to promote broader skill acquisition. Then, as now, ability with the technology was secondary to the development of the skills needed to achieve the tasks.
Student brief: Self-selecting into small groups of 3/5 groups were asked to create a name and logo and to engage with the University Library, in the broadest sense, by producing an AR artefact. They were encouraged to plan, script and story board their short video. Apart from asking them to observe the intellectual property rights of images, videos and music, students were free to create their own videos. Weekly sessions were used for feedback, discussion and introducing the supporting materials on the student Virtual Learning Environment (VLE). Additional support was offered through email, discussion boards and comments posted on blog sites. Groups were asked to do a short 5min presentation to the class. Most demonstrated reasonable presentation skills; in many cases showed considerable independent research around the topic. Because they were all related to the same topic students found it easy to ask questions; this promoted lively debate. Group meetings and task allocations demonstrated time/project management skills.
Using Aursama and Creating AR
Students were asked to download the app from Google play for android or iTunes for apple devices. In each group most students downloaded and tried out the app, but typically most of the work was done on one or two devices with input shared by the group.
Aurasma is designed to be used by non-experts with no training other than the prompts from the interface. It starts from the scanning screen or viewfinder (camera view with superimposed pulsing circle of dots). This has an 'i' in the top left corner which gives you short
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Using Augmented Reality to engage STEM students with an authentic curriculum instructions as a user guide. The 'A' icon at the bottom of puts you in the 'Explore' page showing the main menu icons along the bottom of the screen (create aura, scan for triggers, search for aruas/channels, account/profile).
A channel is a name for a collection of auras, typically from one person but can be a collection; by default you follow the 'popular' aura channel and students were given a specific channel for this project (password protected) so that they could share their work. To help them create an aura, students were given instructions on making their own auras -here is an abbreviated version of those instructions that illustrates the simplicity of the process (an aura can be created in a few minuets):
Choose overlay i.e. the media you want to playLibrary tab -opens with a library of pre-existing overlays. Device tab -Or choose 'Device to use existing image / video/ sound / 3D model etc. Allows preview and select. Choose Trigger -scan an image with the camera, note the scale at the bottom, when slider is at the right hand end the image has sufficient clarity and uniqueness for a trigger. Press camera icon to record. Location trigger is also available. Position overlay -You can move the overlay around with your finger. Create Name, -give your aura a name Private / Public -if you want the aura to be visible on other devices you need to register so that you can make it public. If you don't have any channels you can register and create a new channel at this point. Finish Scan / Play -Scan the trigger image to play the media.
You can capture an image of the media play from the camera icon at the base of the screen. You can 'share' the aura with other users by sending a link via email.
The students quickly discovered and shared tips about using the app to get the best results, some of which (such as the use of email link for rapid loading and viewing of an aura) were later incorporated into supporting materials.
Evaluation
Group Interviews
A total of four hours of video was captured with each of the 12 groups having around 20 minuets each. Initial questions were used to set the group at ease and get each of them talking about their background and why they chose this particular course. Students were given an outline of the core questions and the reasons why they were being asked so that they could make the most of the session as a reflective exercise. Here is the set of core questions (highlighted in italics) with follow up questions listed: The videos were analyzed and common themes extracted. We were particularly interested in how the groups worked, as this was the core 'emergent' behavior we were trying to support. At the start of the module a classroom session was used to introduce the main issues with group work, provide opportunity for some discussion and to point out the supporting materials available on the VLE. Other than that the self-selecting groups of students were allowed to do whatever they thought appropriate for the task. As well as a knowledge and ability for group work the intention was to foster an independent, autonomous attitude to this task and assessments in general. Table 1 shows key results from the summarized video interviews with the style of working and student comments (in italic). The insights from the group working sessions demonstrate the range of technologies that first year computing students select as their technology of choice. Most of the groups used Facebook and Whatsapp for their informal communications before uploading more formal blogs and reports to be recorded on the VLE. An interesting variant was the use of 'Steam' a game delivery and communication platform. Significantly, Steam is not part of the curriculum for the gaming students so this demonstrates the appropriation of a technology for another use -as suggested by Pachler and Cook [31] . Feedback from pervious cohorts reflected a dislike for group work, which was not found in this curriculum initiative; instead we have had positive comments about the group work. Students have also valued the opportunity for socialization and have discovered for themselves the authentic nature of the team task.
Effect on Assessment Submission
There was a marked improvement in performance between this cohort and the previous PDP results. Table 2 shows the changes in the rate of submission between the previous year and the year of the AR mini-project. Nonsubmission improved from 34% (in a cohort of 55) to 22% (in a cohort of 78). The PDP is a pass/fail element attached to a larger module that teaches game engine technology. The change in those who engaged with the PDP is even more marked when you consider that in 2013/14, 15% who submitted the main assessment but did not bother with PDP, but in 2014/15 there was actually one more student who submitted to PDP than for the main assessment. 
Student Opinions
A questionnaire was used to gather information about the opinions and views of students. Overall the results were positive to questions that we had hoped would demonstrate a high rate of satisfaction with the AR project. Figure 1 outlines the results from two key questions -which were did they find Aurasma easy to use, (79% agreed), and did they thing that the Augmented Reality project PDP had been helpful (69% agreed). 
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The student questionnaire analysis showed broad agreement from the whole cohort about the appropriateness of the technology, the ease of its use and for the relevance of the task, with 90% of the cohort reporting no difficulty. 68% agreed that the use of augmented reality made the course more relevant and interesting.
Nearly half of the students identified with the statement 'I prefer to work alone', and it is this lack of softer skills that employers identify as necessary. Also of interest was 58% of the students acknowledged that the CPD module had developed their softer skills. 74% agreed that their group working skills had improved, that their communication skills had improved, as had their presentation skills. Time management/ organisational skills had developed as a result of the course, and 75% reported more confidence in referencing and writing. For on-going work, student responses to the task being more challenging: 60% considered the task level needed to be raised; and the 50% of students wanted the tasks to be more directly related to their individual student interests.
The wider benefits of this approach can be seen in enhanced skills around research and the role of the library which will be of direct use to the students in their ongoing studies. Similarly, the modelling of the focus group and filming of the infractions, although not highly valued by the students (47% agreed it was useful) offers an embryonic example for the skills they will need when testing their own applications and games. The recognition that the viewpoint of the user should be the prime focus rather than the developer is a key developmental step. These themes are summarized from the overall feedback, as they were the most significant factors, most commonly expressed within the body of evidence. All the participants were keen video game players and very proud of their choice of course -many had selected it specifically because of the core element of 'hard' programming with 'most' programming modules. This is seen as a key element of obtaining work in the gaming industry, and two students, from an arts and music background, highlighted the programming course element before disclosing their extremely exceptional skills in a different area.
Emergent themes from the project
They did not value the PDP module as highly as other 'programming' modules, but when prompted, did acknowledge the value for employment. Some groups already knew one another but for others it was a good way to make contact with fellow students at an early part of their course. The groups communicated in very different ways (see the list of summary responses). Most groups reported a technical/communication issues that they had to overcome by researching their own solution. So despite a relatively easy set of well-scaffolded tasks, students reported a genuine sense of achievement, which contributed to confidence and independence.
Conclusions
Developing user-generated content, where students have a large degree of autonomy in the design and implementation for the PDP course was core to the philosophy underpinning this work. Our case study has provided some interesting findings about STEM students and their engagement with 'softer skills'. With such a small study, it is not possible to generalise the findings, however, we have been able to identify some key features to be incorporated for 'PDP' and made a start on more general curriculum guidance. We found that although the students were unfamiliar with group work at a higher education level, they managed to develop their own strategies that showed embryonic skill development. In a future iteration we will model and scaffold teamwork in a more overt and clear way.
We are keen to provide more opportunities to practice communication. When interviewed a significant minority of the students struggle to make eye contact, hold a conversation and speak eloquently about a subject. Preparing and giving presentations in a supportive environment is an excellent way of developing these skills.
We see this work as an exemplar of the broader approach to STEM education that reduces the role of didactic instruction and seeks to enhance the development of suitable widely applicable skills within the individual, as identified in a constructivist and problem based learning approaches. The focus on the process of skills enhancement and engagement, rather than the content, or even the technology used, means that this is applicable to many STEM subject areas. With appropriate triggers, available media and a suitable narrative framework this approach could be used in areas such as biosciences, physics and engineering disciplines. The workshop materials can also be used outside the undergraduate programme, in schools and for non-student participants as a showcase to promote recruitment and interest in STEM subjects. Future research planned for the second iteration of this project process will look at how we can provide an increased level of support without denying students the 
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